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This study presents two new, simple methods to explore reservoir connectivity, 
which has a significant impact on field development strategy. Identifying reservoir 
connectivity during primary depletion plays an important role in achieving the most cost-
effective and highest production possible. It is also very important in future secondary and 
tertiary oil recovery, particularly when costs dictate a limited number of wells such as those 
in deepwater environments. 
The presented methods are reciprocal-productivity index versus total field material-
balance time trend lines and reciprocal-productivity index versus time trend lines. Those 
two methods are quick, simple, inexpensive, and only need rate and pressure data during 
primary depletion, which are commonly available. Also, those two methods can be used 
with a limited number of wells and limited production data. 
A new technique using the diagnostic plot, which shows compartmentalization 
depending on the drainage volume associated with each individual well that calculated by 
using rate-transient analysis and capacitance-resistance model during primary depletion is 
presented. 
A commercial numerical-reservoir simulator was used to generate hundreds of 
synthetic cases. Both a commercial rate-transient analysis tool and a capacitance-resistance 
model allow estimation of the drainage volume associated with each individual well during 
primary depletion. The power and utility of all methods used in this study were 
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Symbol        Description 
ct                  total system compressibility, 1/psi 
J                  productivity index, RB/D/psi 
pi                  initial pressure, psia 
pwf                flowing bottomhole pressure, psia 
q                   well rate, STB/D 
N                  cumulative production of a well, STB 
Np                cumulative production of the field, STB 
𝑡?̅?𝑜𝑡                       total field material-balance time, D 
t                    time, D 
Vp                drainage volume, RB 
time constant, 1/D 






 1. INTRODUCTION 
1.1. RESERVOIR CONNECTIVITY 
There is no specific definition for reservoir connectivity. Snedden et al. (2007) 
showed there are many definitions for reservoir connectivity depending on the companies. 
How reservoir connectivity is measured and modeled also depends on the operators. Some 
of them define it based on the number of wells that exist in the reservoir. Others prefer 
connectivity indexes that depend on criteria that gauge how complex the reservoir is to 
develop or invest. However, the simplest definition of reservoir connectivity is a 
fundamental reservoir property that measures the degree of the communication between 
the wells that penetrate the reservoir. 
There are two types of connectivity: static and dynamic connectivity, and there are 
many definitions and methods to evaluate each one. Static connectivity describes the native 
state of a field, which depends on the structure, stratigraphy, heterogeneity, and other 
reservoir properties before production start-up (Snedden et al., 2007). Evaluating it 
depends on the geological data, and many parameters are used to evaluate it depending on 
the method used for evaluation (Kaviani, 2009). Dynamic connectivity describes the state 
of the reservoir during production, depending on time dependent reservoir 
characterizations such as pressure and saturation (Snedden et al., 2007). To evaluate it, 
engineering data such as those from interference and pulse testing is used (Kaviani, 2009). 
In this study, production rate and pressure data were used to evaluate the reservoir 
connectivity, which includes interwell connectivity, and in some studies, well-to-well 
connectivity or communication. 
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1.2. THE IMPORTANCE OF RESERVOIR CONNECTIVITY 
Reservoir connectivity plays an important role in primary, secondary and tertiary oil 
recovery, such as in optimizing field development and infill well locations. In this regard, 
it is a growing area of oil industry research in order to achieve the most cost-effective and 
highest production possible. Exploring reservoir connectivity during the course of primary, 
secondary and tertiary oil recovery can help in understanding the reservoir. This 
understanding can help in choosing the best plan for future development in order to achieve 
the highest production possible from the reservoir (Parekh & Kabir, 2011). Creating a 
sweep zone during secondary recovery between injection wells and production wells is a 
case in point to show how connectivity can help in choosing well locations. 
Exploring many reservoirs in challenging environments such as deep water requires 
a rigorous understanding with a limited number of wells and production data from the 
reservoir due to the high cost to invest and manage them. Due to the ability of reservoir 
connectivity exploration to bring opportunities for the most cost-effective techniques in 
those environments, it becomes an increasingly important area for oil industries that they 
invest those kind of reservoirs. For instance, by identifying reservoir connectivity and 
compartmentalization, drilling many wells can be avoided in those reservoirs to understand 
well locations, which is done by some companies. 
Kaviani (2009) showed reservoir connectivity evaluations used to characterize the 
reservoir. In this regard, he listed two examples that showed how connectivity can be used 
to know the existence of a low or high permeability zone: a low permeability zone can be 
concluded from low connectivity between two wells, and a high permeability zone can be 
concluded from high connectivity. 
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1.3. OBJECTIVES OF THIS STUDY 
Exploring reservoir connectivity with a limited number of wells and production 
data during primary depletion is one of the most important problems in reservoir 
engineering. All available methods are difficult to apply due to many limitations and 
require much reservoir data, which means cost and time. In this regard, finding new, 
simple, fast, and inexpensive methods is a growing area of research. 
This study presents two new, simple, fast and inexpensive methods to explore 
reservoir compartmentalization, interwell connectivity, the degree of reservoir 
permeability, and the heterogeneity of the reservoir (reservoir connectivity encompasses 
all those terms). Those two methods only need pressure and rate data, which are commonly 
available. Those two methods are reciprocal-productivity index (RPI) versus total field 
material-balance time trend lines and RPI versus time trend lines. Both of them can be used 
with a limited number of wells and production data. Also, a new technique using diagnostic 
plot, which shows compartmentalization depending on the drainage volume associated 
with each individual well calculated by using rate-transient analysis (RTA) and 
capacitance-resistive model during primary depletion (PCRM) is presented. 
The background of the capacitance-resistive model (CRM) and some of its 
applications and developments are presented. Also, some common methods used to explore 
reservoir connectivity and their limitations and application are presented with examples. 
Moreover, some common methods used in rate-transient analysis are presented. 
Hundreds of synthetic cases were generated by using a commercial numerical-
reservoir simulator to demonstrate the power and utility of all methods used in this study 
with various reservoir permeabilities, numbers of wells, and structures of the reservoir. 
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2. RECIPROCAL-PRODUCTIVITY INDEX (RPI) VERSUS TOTAL FIELD 
MATERIAL-BALANCE TIME (TFMBT) TREND LINES METHOD 
 
 This method is simple, fast, inexpensive, and only requires rate and pressure data 
to explore reservoir compartmentalization, interwell connectivity (IWC), the degree of 
reservoir permeability, and the heterogeneity of the reservoir. This method depends on the 
mathematical model shown in Equation 1 from a study by Kabir and Izgec (2006) that 







 𝑡?̅?𝑜𝑡 + 𝑓(𝑡)                                                            (1) 
 
where q, pi, pwf, N, ct and 𝑡?̅?𝑜𝑡 are instantaneous liquid flow rate, initial pressure, flowing 
bottomhole pressure, cumulative production of a well, total system compressibility, and 
total field material-balance time (TFMBT), respectively, with the units of STB/D, psia, 
psia, STB, psi-1, and day, respectively. The term f(t) included in the second term on the 
right side of Equation 1 the permeability. The variable f(t) is time dependent, which 
becomes constant during pseudo steady state (PSS) flow period. Equation 1 takes into 
account the complexity of the production schedule; that is, constant or variable pressure 






                                                                                                                     (2) 
where Np,tot is  cumulative production of  the field with the unit of STB. 
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As shown in Equation 2 simple calculations are required to use this method. This new 
method can be used by only plotting RPI versus TFMBT for each individual well on a 
Cartesian graph and discerning their trend lines. By using this method, the following can 
be explored: 
 If all the trend lines are perfectly on top of each other, then the absence of 
compartmentalization and a very highly permeable and/or homogeneous reservoir 
are indicated. 
 If the trend lines are not on top of each other and the distances between them are as 
expected depending on the distances between wells on the reservoir map, then the 
absence of compartmentalization, and a heterogeneous and/or not very highly 
permeable reservoir are indicated. Also, the distances between trend lines represent 
the degree of communications between wells that are in the same compartment. 
 If the trend lines are not on top of each other and the distances between them are 
not as expected depending on the distance between wells on the reservoir map, then 
the presence of compartmentalization is indicated. Also, the distances between 
trend lines represent the degree of communications between wells that are in the 
same compartment. 
All previous conclusions about reservoir connectivity are valid for each compartment 
in the reservoir. For instance, if the trend lines indicate there are two compartments or more 
in the reservoir, each one should be considered a reservoir, and this method can be applied 
to it to explore reservoir connectivity. The trend lines for the wells that are far away from 
each other on the reservoir map should be far away from each other on the RPI versus 
TFMBT plot and vice versa. 
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3. RECIPROCAL-PRODUCTIVITY INDEX (RPI) VERSUS TIME TREND 
LINES METHOD 
 
 This new method is simple, fast, inexpensive, and only requires pressure and rate 
data to explore reservoir compartmentalization and interwell connectivity. Simple 
calculations are required to use this method which is accomplished by using the 
mathematical expression in Equation 1 to calculate reciprocal-productivity index (RPI) for 
each individual well. RPI versus time is then plotted on a Cartesian graph. By using this 
method and discerning wells’ trend lines, the following can be explored: 
 If the distances between trend lines are as expected depending on the distances 
between wells on the reservoir map, then the absence of compartmentalization is 
indicated. The distances between trend lines also represent the degree of 
communications between wells that are in the same compartment. 
 If the distances between trend lines are not as expected depending on the distances 
between wells on the reservoir map, then the presence of compartmentalization is 
indicated. The distances between trend lines also represent the degree of 
communications between wells that are in the same compartment. 
All previous conclusions about reservoir connectivity are valid for each compartment 
in the reservoir. The trend lines for the wells that are far away from each other on the 
reservoir map should be far away from each other on the RPI versus time plot. 
 This plot was used by Parekh and Kabir (2006) to gauge the degree of pressure 
support, but no one has used it to explore reservoir connectivity, as the current study 




4. CAPACITANCE-RESISTIVE MODEL 
 Sayarpour (2008) explained that the name "capacitance resistive (or resistance) 
model" (CRM) comes from its analogy to a resistor-capacitor (RC) circuit. He considered 
the injection rate as an input signal and considered the production rate as an output signal. 
Only production, injection, and bottomhole pressure data are required to use CRM. It also 
can be used if only production and injection data are known (Sayarpour et al., 2007). 
Interwell connectivity can be investigated from this model. In this regard, it is one of the 
methods used in the recent years to explore reservoir connectivity. 
Sayarpour et al. (2007) presented the CRM based on three control volumes: entire 
field volume (CRMT), volume drained by each producer (CRMP), and drainage volume 
between an injector/producer pair (CRMIP). They presented two parameters that show the 
reservoir connectivity: the first parameter is the fraction of injection from injector i flowing 
to producer j (f), which is a powerful quantifier of the reservoir connectivity, and the second 
parameter is the time constant (), which represents the response time for the producer to 
the injector signal. The time constant () is given by Equation 3:  
𝜏 =  
𝐶𝑡 𝑉𝑝
𝐽
                                                                                              (3) 
where 𝜏, ct, Vp, and J are time constant, total compressibility, pore volume, and productivity 
index, respectively, with the units of days, 1/psi, RB, and RB/D/psi, respectively. 
Higher f and the lower () indicate good communication between producer and 
injector. Figure 4.1 presents an example from their work. Table 4.1 presents the values of  
f  and time constant () for this example. This table presents the CRMP parameters, as 
CRMP calculates only one time constant for each producer. 
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CRMIP, which is also presented by Sayarpour et al. (2007), calculates the time 
constant for each producer and injector pairs. Table 4.2 presents the CRMIP parameters 




Figure 4.1. Streak case with two high permeability streaks of 500 and 1000 md 
(Sayarpour et al., 2007). 
 
 




Table 4.2. CRMIP parameters (Sayarpour et al., 2007). 
 
 
As shown in Table 4.2, the value of  f  between Producer 1 and Injector 1 is very 
high and the value of the time constant is very low, meaning there is good communication 
between them. This high  f  and low is due to the high permeability between them, as can 
be seen in Figure 4.1. 
Many published reports and studies have appeared since the work of Yousef et al. 
(2005). Kaviani et al. (2008) developed the CRM to overcome two limitations. They 
presented the segmented CM to overcome the problem where the BHP data are unknown. 
Also, they presented the compensated CM to overcome problems of adding a new well or 
shutting in producers for an extended period of time. They applied these new developments 
on the CM (or CRM) to real data and showed the power of their developments by 
comparing with the original CRM. 
In a later work, Sayarpour et al. (2009), Weber et al. (2009), and Kaviani et al. 
(2012) published reports that showed how the CRM can be used to explore reservoir 
connectivity and predict the production rates. 
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Nguyen et al. (2011) proposed the integrated capacitance-resistive model (ICRM). 
Izgec and Kabir (2010) coupled the CRM with an aquifer model. Cao (2014) and Cao et 
al. (2014) developed the CRM by coupling the pressure equation (fluid continuity equation) 
and the saturation equation (oil mass balance) for use in two phase flow cases. However, 
those studies and many others have developed the CRM to overcome many issues that were 
faced with the original CRM form. 
However, injection rates were needed to use all CRM forms, as illustrated 
previously. For this reason and to find faster and easier methods than the previous methods 
a new method was presented by Izgec and Kabir (2011), which only uses the rate and 
pressure during primary depletion to overcome the injection rate requirement in the original 
CRM. By using their method, the average-reservoir pressure, the reservoir connectivity, 
and the connected pore volume associated with each individual well can be known. They 
developed it by using a dynamic material-balance technique. Their equation that is used in 

















)                 (4) 
                        
where q, ct, Vp, t, J, and pwf are instantaneous liquid flow rate, total system compressibility, 
drainage volume of a producer, time, productivity index, and flowing bottomhole pressure, 
respectively, with the units of RB/D, 1/psi, RB, days, RB/D/psi, and psi, respectively. For 
flow rate STB/D was used instead of RB/D, due to this change, the oil formation volume 
factor did not need to be used to convert the Vp unit from RB to STB as proposed. The units 
after this change become STB/D for flow rate, STB for Vp, and STB/D/psi for J. 
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5. RATE-TRANSIENT ANALYSIS 
5.1. RATE-TRANSIENT ANALYSIS DEVELOPMENTS (SHORT HISTORY) 
 The use of modern RTA methods and software only developed in last decade with 
the increasing use of permanent pressure gauges (Houze et al., 2016). Widespread recent 
development of reservoirs played an important role in developing RTA methods due to the 
very slow or long transient responses in these reservoirs.   
There have been many developments on the use of rate in order to estimate many 
reservoir parameters since the work of Arps (1945), which is based on empirical 
relationships of production rate versus time. This method is known as traditional Arps 
decline-curve analysis. Izgec and Kabir (2011) summarized the method by Arps (1945), 
which can be used with constant pressure and boundary dominated flow BDF; the type 
curves method by Fetkovich (1980) and Fetkovich et al. (1996), which can be used with 
both boundary dominated flow (BDF), and transient flow; the method by Palacio and 
Blasingame (1993), which overcomes the requirement of constant pressure; multiwell 
formulation by Marhaendrajana (2005) and Marhaendrajana and Blasingame (2001); 
(Kabir & Izgec, 2009) approach; the assumption of Valko et al. (2000); the trial-and-error 
solution of Medeiros et al. (2010); the investigations of Ismadi et al. (2011) and Kabir et 
al. (2011a, 2011b); the static-material balance method by Agarwal et al. (1999); the 
flowing-material-balance method by Mattar and McNeil (1998). Izgec and Kabir (2011) 
also compared and contrasted the "chronological development of methods for estimating 
various reservoir parameters with production data analysis" in a table. Table 5.1 (parts A 
and B) shows their table, where proposed method refers to PCRM. As illustrated, PCRM 
can be used to explore reservoir connectivity, which is one benefit of this method. 
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Rate Single well, constant 
drainage area, constant BHP 
Analyze rate data only; 
variable BHP ignored 
Fetkovich 
type-curves 
Rate Single well, reservoir shape, 
constant drainage area, 
constant BHP 
Analyze rate data only; 







Multiwell, reservoir shape, 





Proposed model Rate, 
flowing 
BHP 
Multiwell, constant drainage 
area, variable BHP 











Uses rate data only Low: works in 





Uses rate data only Low: works in 
artificial lift or 
constant-WHP systems 
In-place volume, 







can be misinterpreted 
Moderate In-place volume, 
Pav, kh and s 
Proposed model None, if PSS flow 
ascertained 
beforehand 






5.2. BLASINGAME PLOT AND BLASINGAME TYPE CURVE 
 The main limitation in traditional RTA is the assumption of constant flowing 
pressure, which is generally untrue for real cases. In this regard, Blasingame et al. (1991) 
noted that using pressure normalized rate does not solve the problem of constant flowing 
pressure when the bottomhole pressure varies significantly. They introduced equivalent 
time (te) to overcome the problem of constant flowing pressure. This term is defined as the 
ratio of the cumulative and the rate flow.  
With the pressure normalized rate, which is the inverted of RPI (or PI) plotted with 
te on a log-log scale, the PSS period follows a negative unit slope line. Based on these 
results, Palacio and Blasingame (1993) presented a type curve to overcome the problem of 
constant flowing pressure, which is known as the Blasingame type curve. 
The x-axis of the Blasingame plot and the Blasingame type curve is te and the y-
axis is the normalized rate, the integral of the normalized rate divided by te, and the 
normalized rate integral divided by the te derivative, as shown in Figure 5.1 and Figure 5.2. 
All three trend lines in the Blasingame plot and the Blasingame type curve exhibit a 
negative unit slope during the PSS period. Also, the normalized rate integral divided by te 
and its derivative merge together during the PSS period. The derivative is applied to the 
normalized rate integral divided by te instead of the normalized rate because it is usually 
too noisy.  
Those two plots were used in this study to make sure all wells for all cases achieved 
the PSS flow period. Those two plots have become the oil industry standard for RTA due 









Figure 5.2. Blasingame type curve (Houze et al., 2016). 
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5.3. LOG-LOG PLOT 
 This plot is used to identify the PSS flow period. By plotting the normalized 
pressure, which has the same mathematical expression of RPI versus te on a log-log scale, 
the PSS period will exhibit a unit slope line. For real cases the normalized pressure is 
usually too noisy. However, plotting the integral of a rate normalized pressure divided by 
te versus te and its derivative versus te overcomes the noise previously mentioned. Both 
trends exhibit a straight line of unit slope during the PSS flow period, as shown in Figure 
5.3. This plot was used with Blasingame plot and Blasingame type curve in this study to 
make sure all wells for all cases achieve the PSS flow period. 
 
 
Figure 5.3. Log-log plot (Houze et al., 2016). 
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6. NEW TECHNIQUE USING DRAINAGE VOLUMES DIAGNOSTIC 
PLOT (DPDV) 
 
Izgec and Kabir (2011) presented a diagnostic plot that required only drainage 
volumes for each individual well. This plot can be used to explore reservoir connectivity. 
They found in their study that the fraction of drainage volume of any well under PSS flow 
behavior can be plotted with the fraction of the same well calculated by using capacitance 
resistive model during primary depletion (PCRM) to explore the reservoir connectivity 
because the drainage volumes of any well under the PSS flow period is proportional to its 
average rate. 
Based on their study, if the plotted point deviates from the 45o line the drainage 
volume of the well is not proportional to its average rate, which indicates that there is a 
compartmentalization. If the point is on the top of 45o line, the drainage volume of the well 
is proportional to its average rate and there is no compartmentalization. 
This study presents a new technique using this plot that depends on the distances 
between points that represent the fraction of drainage volume calculated by RTA and 
PCRM. With using this new technique, the following can be explored: 
  If the distances between points are as expected depending on the distances between 
wells on the reservoir map, then the absence of compartmentalization is indicated. 
The distances between points represent the degree of communications between 
wells that are in the same compartment. 
 If the distances between points are not as expected depending on the distances 
between wells on the reservoir map, then the presence of compartmentalization is 
indicated. The distances between points also represent the degree of 
communications between wells that are in the same compartment. 
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7. LITERATURE REVIEW 
There are many methods that use different kinds of data and techniques to 
understand reservoir connectivity in static and dynamic conditions. Some of the most 
important methods are presented in this section. 
The Spearman rank correlation has been used in recent decades to infer the 
communication between injector-producer well pairs. The Spearman rank correlation is a 
statistical technique used to explore if two variables are related to each other. The rank 
correlation has been used to explore the reservoir connectivity in many Soviet Union 
countries (Mirzadjanzade et al., 1993). They treated the rates from each well as a time 
series, then calculated the rank correlation for each pair of wells. 
Heffer et al. (1997) used the Spearman rank correlation technique to explore the 
connectivity between the injector well and producer well pair. They found the Spearman 
rank correlation in rates between injectors and producers reflects the connectivity of the 
reservoir, but a weak point in their work is that they do not consider required time lag 
between the injector and producer signal. The lag time, as they explain, came from the 
compressibility of the reservoir. De Sant’Anna Pizarro (1998) used this correlation 
technique in reservoir numerical simulation and presented its weak and strong points. 
Refunjol and Lake (1999) modified the method by considering time lag. 
Soeriawinata and Kelkar (1999) used the rank correlation technique and method of 
superposition to explore the communications between two injectors with a common 
producer. They showed that if the summation of the water injection rates to the liquid 
production rate is higher than the cross correlation of each single injector, then there is 
good communication between two injectors with a common producer. They validated their 
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method by applying it to a synthetic as well as to field data. As they proposed, a weak point 
with this method is when there is slight increase in cross correlation.  
Rafiei (2014) presented an example that explained how to use Spearman rank 
correlation in order to explore the connectivity and how the injector wells communicate 
with producer wells. He used injector and producer rates and SPSS software to calculate 
the Spearman rank correlation coefficient between each injector/producer pair to explore 
the commutations between them. Figure 7.1 shows calculations of the Spearman 
correlation coefficients for each injector and its associated producers. Figure 7.2 shows 




Figure 7.1. Calculated Spearman correlation coefficients for each injector and its 




Figure 7.2. Calculated Spearman correlation coefficients for each producer and its 




 Figures 7.1 and 7.2 show that Producer 2 has the highest connectivity with the 
injectors and Producer 3 has the lowest value. Injector 2 has the minimum correlation with 
each producer, and Injector 3 has the highest correlation. Moreover, there is no significant 
difference when their correlation is compared. 
An integrated approach with using artificial neural networks (ANN), which is a 
technique that generates strategies to map input to output data used by Panda and Chopra 
(1998), was used to explore the connectivity between the injector and producer well pair. 
Figure 7.3 and Table 7.1 present an example that shows well interaction coefficients 
between different injectors and producers. This example is from Panda and Chopra’s 




Figure 7.3. Location map of injection and production wells used in the pattern waterflood. 
The model grid mesh is 10 x 8 x 180. The cell size is 2~ ft x 200 ft and thickness is 





Table 7.1. Well interaction coefficients between different injector and producers of Figure 





Jansen and Kelkar (1996) used exploratory data analysis with production and 
injection data to explore the connectivity of the reservoir. They used this tool to identify 
and rank the areas in mature fields. They presented their analysis in two levels: global, 
which examines large scale trends (multiple wells), and local, which focuses on single well 
behavior and interwell relationships (well pairs). They applied this method on data from 
the North Robertson Unit (Clearfork) and showed how plotting the median oil rates from 
primary production and from secondary production can be used to explore how the field 
responds to the waterflood. Also, they used cross correlation between pairs of wells to 
explore the connectivity and presented the limitations of applying this method. For 
example, the pressure superposition between the injectors limitation, which was solved by 
Soeriawinata and Kelkar (1999), as previously mentioned. 
Jansen and Kelkar (1997a) presented distance averaged cross correlation as an 
interpolation technique and they explained its benefits by using ordinary Kriging with a 
sample based variogram model.  
Jansen and Kelkar (1997b) presented the wavelet based approach to overcome the 
problem of nonstationary treatment of well rates. They also explained the nonlinear and 
nonstationary of the interwell relationship, which make the cross correlation calculations 
problematic. 
Albertoni and Lake (2003) used multivariate linear regression (MLR) in an 
unbalanced system and balanced multivariate linear regression (BMLR) in a balanced 
system to quantify communications between wells. Only production and injection rates are 
required to use those two methods. When the total injection rate is approximately equal to 
the total production rate, the system is considered balanced; when there is a significant 
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difference between total injection rate and total production rate, the system is considered 
unbalanced. Also, they used a diffusivity filter for the injection rates to consider the time 
lag between the injection and production rates. Moreover, they used those two models to 
predicate the future production rate, which cannot be achieved through any of the previous 
methods. They presented the weighting coefficient as a quantitative expression of the 
connectivity. They considered the injection rate as the input signal and the production rates 
as the output signal. They applied their methods to two synthetic cases and real data from 
a water flooded field in Argentina. Figure 7.4 shows an example that they presented in their 
work; Table 7.2 shows the weighting coefficient for this example. Figure 7.5 shows another 





Figure 7.4. Representation of the weighting coefficient shown in Table 2.2, the length of 












Figure 7.5. Representation of the weighting coefficient with sealing fault. The length of the 
arrow is proportional to the value of the weighting coefficient (Albertoni & Lake, 2003). 
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The weighting coefficients for the well pairs near each other are larger than the 
weighting coefficients for the well pairs that are far away from each other. This difference 
not only depends on the well locations, but also on the reservoir properties. The power of 
this model is demonstrated in cases with sealing fault. 
 However, Albertoni and Lake (2003) mentioned some limitations for their methods, 
such as constant well productivity, constant gas/oil ratio (GOR), and a constant numbers 
of producers and injectors in the reservoir, which means those methods cannot be used if 
new producer or injector is added to the reservoir. This also includes stimulation that may 
be applied on one or more wells, which consider new wells in the reservoir. 
 Dinh (2003) applied Albertoni and Lake’s (2003) approaches on many synthetic 
cases by using a commercial numerical simulator and real data to explore the 
communications between wells. He obtained better results without using diffusivity filters. 
 Gentil (2005) described the physical meaning of the weighting coefficients and 
applied Albertoni and Lake’s (2003) methods to many cases, demonstrating the power of 
those methods in exploring the reservoir connectivity. 
 Dinh and Tiab (2008a) introduced a new model by using bottomhole pressure data 
instead of the production and injection data. They used the same technique that Albertoni 
and Lake (2003) used to explore the connectivity. One limitation of their approach is 
constant flow rates in both producer wells and injector wells. This limitation weakens this 
approach because it is very hard to keep production and injection rates constant in an actual 
field. Dinh and Tiab (2008b) modified their model, which was previously presented (Dinh 




Hao and Mendel (2012) used the Generalized Choquet integral (GCI) to explore 
reservoir connectivity. They used Iterated Extended Kalman Filter (IEKF), smoother 
(EKS) and Quantum Particle Swarm Optimization (QPSO) in this method. They applied 
their method to real data to show how this method works. This model aggregates the IPR 
estimates of the LMM method by Liu et al (2007) and Lee (2010), which generalized the 
capacitance model to the distributed capacitance model DCM using all techniques 
previously mentioned. 
However, injection rates were needed to use all previous methods, as previously 
illustrated. Exploring reservoir connectivity during secondary recovery is not a good 

















Hundreds of synthetic cases were generated by using a commercial numerical-
reservoir simulator with various reservoir permeabilities, numbers of wells, and structures 
of the reservoir. All cases were run for 1500 days to make sure the PSS flow behavior was 
achieved for each individual well for all cases. 
Pressure and rate data obtained from the simulator were used in both reciprocal-
productivity index (RPI) versus total field material-balance time trend lines method and 
RPI versus time trend lines method. Those data and the same reservoir parameters used to 
generate the cases in commercial rate-ransient analysis software to compute the drainage 
volume (DV) associated with each individual well. A log-log plot, Blasingame plot, and 
Blasingame type curve were used to identify the PSS flow behavior achieved for each 
individual well for all cases before those DVs were considered. Those three plots are three 
outputs of RTA software.  
A spreadsheet with VBA code was created to calculate the drainage volume (DV) 
associated with each individual well by using the capacitance-resistive model during 
primary depletion (PCRM). The data used in this spreadsheet are the same data used in the 
RTA software that came from the simulator. The accuracy of the analytical methods used 
to get the DVs were investigated, which were then used to explore the reservoir 
compartmentalization and interwell connectivity (IWC) by using drainage volumes 
diagnostic plot (DPDV) with the new technique presented in this study. 
The power and utility of all methods used in this study was demonstrated with 




9. SYNTHETIC CASES 
 A commercial numerical-reservoir simulator was used to generate hundreds of 
synthetic cases. Table 9.1 presents the reservoir parameters that were used to generate these 
cases; these parameters were also used in both RTA software and PCRM. All cases were 
run for 1500 days to make sure the PSS flow period was achieved for each individual well 
for all cases. Appendix B presents the log-log plot from RTA software that indicate PSS 
was achieved for each individual well for all cases. Appendix C presents the pressure map 
for all cases after 1500 days of production. For brevity, only fourteen cases are presented 
in this section; these cases show the overall idea without needing to include others. For the 
same reason only for Case 1, Blasingame type curve, Blasingame plot, and PCRM rate 
match and RTA model match presented. 
 
Table 9.1. Reservoir parameters used in the simulator, RTA, and PCRM. 
 
Parameters Value Unit 
Porosity for Cases (1, 2, 3, 4, 5, 6, 7, 
8, 9, & 10) 
0.44 fraction 
Porosity for Cases (11, 12, 13 & 14) 0.15 fraction 
STOIIP for Cases (1, 2, 3, 4, 5, 6, 7, 
8, 9, & 10) 
109.124 MMSTB 
STOIIP for Cases (11, 12, 13 & 14) 37.201 MMSTB 
Oil saturation 0.8 fraction 
Water saturation 0.2 fraction 
Formation compressibility 1E-6 psi-1 
Oil compressibility 4E-5 psi-1 
Water compressibility 3.1E-6 psi-1 
Initial pressure 3000 psi 
Oil viscosity 0.44 cp 
Pay thickness 40 ft 
Well radius 0.3 ft 
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9.1. CASE 1 
 This case presents a homogeneous reservoir without any faults and with a 
permeability of 1000 md. Because it is  homogeneous reservoir without any faults, all wells 
drain from the same compartment and the degree of communications between wells (IWC) 
depend on the distances between them. Figure 9.1, Figure 9.2, Figure 9.3, Figure 9.4 (parts 
a, b, c and d), and Figure 9.5 (parts a, b, c and d) show the reservoir map, Blasingame type 
curve, Blasingame plot, PCRM rate match and RTA model match, respectively. 
The RPI versus TFMBT trend lines are presented in Figure 9.6. By viewing these 
trend lines, it can be concluded that all wells drained from the same compartment, which 
can be very highly permeable and/or homogeneous because all the trend lines are perfectly 
on top of each other. 
The RPI versus time trend lines are presented in Figure 9.7. The distances between 
trend lines show that the degree of communications between wells (IWC) is as expected, 
which indicates the absences of compartmentalization. For instance, Well 3 and Well 4 
have better communication than Well 3 and Well 1, which have better communication than 
Well 1 and Well 2. 
The drainage volumes that calculated by using RTA and PCRM, the differences 
and errors between RTA and PCRM and between RTA, PCRM, and the DV simulator are 
presented in Table 9.2. All errors are single digits, which means both RTA and PCRM 
estimate drainage volumes associated with each individual well with high accuracy. 
Figure 9.8 presents DPDV. The distances between the wells’ points present IWC, 
which are as expected. This plot shows the same conclusions about reservoir 




Figure 9.1. Reservoir map for Case 1. 
 
 




Figure 9.3. Blasingame plot for all wells for Case 1. 
 
 
(a) Well 1. 
Figure 9.4. PCRM rate match for wells 



























(c) Well 3. 
Figure 9.4. PCRM rate match for wells 











































(d) Well 4. 
Figure 9.4. PCRM rate match for wells 





(a) Well 1. 
Figure 9.5. RTA model match for wells 























(b) Well 2. 
 
 
(c) Well 3. 
Figure 9.5. RTA model match for wells 




(d) Well 4. 
Figure 9.5. RTA model match for wells 
(a) Well 1; (b) Well 2; (c) Well 3; (d) Well 4 (Cont.). 
 





























 PCRM shows good match with the original data obtained from the reservoir 




Figure 9.7. RPI versus time trend lines for Case 1. 
 
Table 9.2. Drainage volumes for Case 1. 
Well No. 1 2 3 4 Sum.  DVs 
RTA DV STB 2.73E+07 3.06E+07 2.47E+07 2.60E+07 1.09E+08 
PCRM DV STB 2.95E+07 3.21E+07 2.68E+07 2.81E+07 1.16E+08 
(RTA  DV- PCRM DV) STB -2.15E+06 -1.54E+06 -2.07E+06 -2.11E+06 -7.88E+06 
(RTA  DV - PCRM DV) Error -8% -5% -8% -8% -7% 
(Simulator DV - RTA DV)STB Error (Simulator DV -PCRM DV)STB Error 































Figure 9.8. DPDV for Case 1. 
 
 
 Next, this case is modified by adding only one sealing fault to test the capability of 
proposed methods to identify the change, the accuracy of RTA and PCRM in estimating 
DVs associated with each individual well, and the new technique for DPDV. 
 
9.2. CASE 2 
 This case presents a homogeneous reservoir with two compartments. Figure 9.9 
shows the reservoir map. Because Well 1, Well 2 and Well 4 are in the same compartment 
and the reservoir is homogeneous, the communications between all three wells depend on 
the distances between them. For example, the IWC between Well 1 and Well 4 is better 
than the IWC between Well 1 and Well 2. Well 3 drains from one compartment and the 



























The RPI versus TFMBT trend lines are presented in Figure 9.10. By viewing these 
trend lines, it can be concluded that Well 3 drained from one compartment and Well 1, 
Well 2, and Well 4 drained from another compartment, which can be very highly permeable 
and/or homogeneous because all the trend lines are perfectly on top of each other. 
The RPI versus time trend lines are presented in Figure 9.11. The distances between 
the Well 3 trend line and other trend lines are not as expected, which indicates the existence 
of compartmentalization. The distances between the Well 1, Well 2 and Well 3 trend lines 
are as expected, which indicates that there are two compartments and Well 3 drained from 
one of them, while Well 2, Well 1, and Well 4 drained from the other one. The distances 
between the trend lines represent the degree of communications between wells, which is 
valid for Well 1, Well 2, and Well 4 because they drained from the same compartment. For 
example, the IWC between Well 1 and Well 4 is better than the IWC between Well 1 and 




Figure 9.9. Reservoir map for Case 2. 
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The drainage volumes that calculated by using RTA and PCRM, the differences 
and errors between RTA and PCRM and between RTA, PCRM, and the DV simulator are 
presented in Table 9.3. All errors are single digits, which means both RTA and PCRM 
estimate drainage volumes associated with each individual well with high accuracy. 
Figure 9.12 presents DPDV. The distances between Well 3 point and other points 
are not as expected, which indicates the existence of compartmentalization. The distances 
between the Well 1, Well 2 and Well 4 points are as expected, which indicates two 
compartments. Well 3 drained from one compartment, while Well 2, Well 1 and Well 4 
drained from the other one. The same conclusions about IWC presented with the new 
methods were concluded from this new technique. This case shows excellent agreement 


































Figure 9.11. RPI versus time trend lines for Case 2. 
 
 
Table 9.3. Drainage volumes for Case 2. 
Well No. 1 2 3 4 Sum.  DVs 
RTA DV STB 2.78E+07 3.05E+07 2.36E+07 2.66E+07 1.09E+08 
PCRM DV STB 3.02E+07 3.29E+07 2.46E+07 2.88E+07 1.16E+08 
(RTA  DV- PCRM DV) STB -2.38E+06 -2.44E+06 -9.54E+05 -2.21E+06 -7.98E+06 
(RTA  DV - PCRM DV) Error -9% -8% -4% -8% -7% 
(Simulator DV - RTA DV)STB Error (Simulator DV -PCRM DV)STB Error 
5.00E+05 0.5% -7.48E+06 -6.9% 
 
 
 Table 9.3 shows how the drainage volumes of wells change compare with Case 1, 
which was previously presented. This conclusion about DVs indicate that RTA and PCRM 






























Figure 9.12. DPDV for Case 2. 
 
The next case is a heterogeneous reservoir with 12 regions. Each region has 
different permeability. The average permeability of the 12 regions is 1000 md. This case 
explores how each previously used method works. 
 
9.3. CASE 3 
  This case presents a heterogeneous reservoir with 12 regions. The reservoir map 
and permeability of each region are shown in Figure 9.13 and Table 9.4, respectively. This 
reservoir is without any faults and the distances between wells are as in the previous cases. 
The RPI versus TFMBT trend lines are presented in Figure 9.14. This figure shows 
that all wells drained from the same very highly permeable and/or homogeneous 



























The RPI versus time trend lines are presented in Figure 9.15. By viewing the figure, 
the same conclusions about the interwell connectivity presented in Case 1 can be obtained. 
The drainage volumes that calculated by using RTA and PCRM, the differences 
and errors between RTA and PCRM and between RTA, PCRM, and the DV simulator are 
presented in Table 9.5. All errors are single digits, which means both RTA and PCRM 
estimate drainage volumes associated with each individual well with high accuracy. 
 
 
Table 9.4. Permeability of the reservoir for Case 3. 
Region 1 Region 2 Region 3 Region 4 Region 5 Region 6 
1500 md 1400 md 1300 md 1200 md 1100 md 1000 md 
Region 7 Region 8 Region 9 Region 10 Region 11 Region 12 




































































Figure 9.16 presents DPDV. The same conclusions obtained from the new methods 
can be obtained from this figure. 
 
Table 9.5. Drainage volumes for Case 3. 
Well No. 1 2 3 4 Sum.  DVs 
RTA DV STB 2.72E+07 3.10E+07 2.44E+07 2.58E+07 1.08E+08 
PCRM DV STB 2.95E+07 3.22E+07 2.68E+07 2.81E+07 1.16E+08 
(RTA  DV- PCRM DV) STB -2.25E+06 -1.16E+06 -2.36E+06 -2.30E+06 -8.07E+06 
(RTA  DV - PCRM DV) Error -8% -4% -10% -9% -7% 
(Simulator DV - RTA DV)STB Error (Simulator DV -PCRM DV)STB Error 
































The next case presents the same reservoir presented in Case 1 but with eight wells 
in order to test how all methods work with increasing the number of wells. In addition, this 
case shows how the reservoir behaves with this number of wells. 
 
9.4. CASE 4 
 This case presents a homogeneous reservoir without any faults. Because it is 
homogeneous reservoir without any faults, all wells drain from the same compartment and 
the degree of communications between wells (IWC) depends on the distances between 
them. Figure 9.17 shows the reservoir map. 
The RPI versus TFMBT trend lines are presented in Figure 9.18. By viewing these 
trend lines, it can be concluded that all wells drained from the same compartment, which 
can be very highly permeable and/or homogeneous because all the trend lines are perfectly 
on top of each other. 
 
 




Figure 9.18. RPI versus total field material-balance time trend lines for Case 4. 
 
 
The RPI versus time trend lines are presented in Figure 9.19. The distances between 
trend lines show that the degree of communications between wells (IWC) is as expected, 
which indicates the absence of compartmentalization, and they have strong communication 
because their trend lines are very close to each other. 
The drainage volumes that calculated by using RTA and PCRM, the differences 
and errors between RTA and PCRM and between RTA, PCRM, and the DV simulator are 
presented in Table 9.6. All errors are single digits, which means both RTA and PCRM 




























Figure 9.20 presents DPDV. The distances between wells’ points present the degree 
of communications between wells (IWC), which are as expected. This plot shows the same 
conclusions about reservoir compartmentalization and IWC presented by previous 
methods. 
There is a good agreement between the new methods, and the new technique and 
all of them successfully identify the heterogeneity of the reservoir, well-to-well 





































Table 9.6. Drainage volumes for Case 4. 
Well No. 1 2 3 4 
RTA DV STB 1.49E+07 1.37E+07 1.25E+07 1.30E+07 
PCRM DV STB 1.50E+07 1.50E+07 1.38E+07 1.43E+07 
(RTA  DV- PCRM DV) STB -1.29E+05 -1.33E+06 -1.28E+06 -1.28E+06 
(RTA  DV - PCRM DV) Error -1% -10% -10% -10% 
Well No. 5 6 7 8 
RTA DV STB 1.35E+07 1.32E+07 1.25E+07 1.28E+07 
PCRM DV STB 1.49E+07 1.45E+07 1.38E+07 1.40E+07 
(RTA  DV- PCRM DV) STB -1.40E+06 -1.33E+06 -1.28E+06 -1.23E+06 
(RTA  DV - PCRM DV) Error -10% -10% -10% -10% 
(Simulator DV -PCRM DVs)STB Error Sum. PCRM DVs STB 
-6.34E+06 -5.82% 1.15E+08 
(Simulator DV -RTA DVs)STB Error Sum. RTA DVs STB 
2.90E+06 2.66% 1.06E+08 




































 The next case shows the capability of the proposed methods compared to the new 
technique in identifying the existence of three compartments. 
 
9.5. CASE 5 
 This case presents a homogeneous reservoir with three compartments. Figure 9.21 
shows the reservoir map.  
The RPI versus TFMBT trend lines are presented in Figure 9.22. By viewing these 
trend lines, it can be concluded that there are three compartments. The trend lines of Well 
1, Well 3, and Well 4 are perfectly on top of each other, which indicate they drained from 
the same compartment. The trend lines of Well 5, Well 6, Well 7 and Well 8 are perfectly 
on top of each other, which indicate they drained from the same compartment. Both 
previous compartments can be very highly permeable and/or homogeneous because all the 
trend lines are perfectly on top of each other. Well 2 drained from the third compartment 
in this reservoir.  
 
 
Figure 9.21. Reservoir map for Case 5. 
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The RPI versus time trend lines are presented in Figure 9.23. The distances between 
the trend lines show three compartments and the distances between trend lines show that 
the degree of communications between wells (IWC) is as expected. 
The drainage volumes that calculated by using RTA and PCRM, the differences 
and errors between RTA and PCRM and between RTA, PCRM, and the DV simulator are 
presented in Table 9.7. All errors are within engineering accuracy, which means both RTA 
and PCRM estimate drainage volumes associated with each individual well with high 
accuracy. 
Figure 9.24 presents DPDV. The distances between wells’ points show three 
compartments. Indicating two compartments is very easy with this method, while 
indicating three compartments is difficult. However, this method successfully indicates the 
three compartments in this reservoir. 
 
 





























Figure 9.23. RPI versus time trend lines for Case 5. 
 
 
Table 9.7. Drainage volumes for Case 5. 
Well No. 1 2 3 4 
RTA DV STB 1.86E+07 1.17E+07 1.73E+07 1.78E+07 
PCRM DV STB 2.00E+07 1.04E+07 1.84E+07 1.90E+07 
(RTA  DV- PCRM DV) STB -1.44E+06 1.26E+06 -1.07E+06 -1.24E+06 
(RTA  DV - PCRM DV) Error -8% 11% -6% -7% 
Well No. 5 6 7 8 
RTA DV STB 1.30E+07 1.26E+07 1.23E+07 1.37E+07 
PCRM DV STB 1.24E+07 1.20E+07 1.14E+07 1.16E+07 
(RTA  DV- PCRM DV) STB 6.40E+05 5.54E+05 8.70E+05 2.06E+06 
(RTA  DV - PCRM DV) Error 5% 4% 7% 15% 
(Simulator DV -PCRM DVs)STB Error Sum. PCRM DVs STB 
-6.37E+06 -5.84% 1.15E+08 
(Simulator DV -RTA DVs)STB Error Sum. RTA DVs STB 
-8.00E+06 -7.34% 1.17E+08 































Figure 9.24. DPDV for Case 5. 
 
 The next case presents a reservoir with 100 md to test the capability of proposed 
methods with this change in reservoir permeability. 
 
9.6. CASE 6 
 This case presents a homogeneous reservoir without any faults and with 100 md 
permeability. Because it is  homogeneous reservoir without any faults, all wells drain from 
the same compartment and the degree of communications between wells (IWC) depends 
on the distances between them. Figure 9.25 shows the reservoir map.  
The RPI versus TFMBT trend lines are presented in Figure 9.26. By viewing these 
trend lines, it can be concluded that all wells drained from the same compartment, which 
can be very highly permeable and/or homogeneous because all the trend lines are perfectly 



































The RPI versus time trend lines are presented in Figure 9.27. The distances between 
trend lines show that the degree of communications between wells (IWC) is as expected, 
which indicates the absence of compartmentalization. For instance, Well 3 and Well 4 have 
better communication than Well 3 and Well 1 communication, which have better 
communication than Well 1 and Well 2. 
The drainage volumes that calculated by using RTA and PCRM, the differences 
and errors between RTA and PCRM and between RTA, PCRM, and the DV simulator are 
presented in Table 9.8. All errors are within engineering accuracy, which means both RTA 
and PCRM estimate drainage volumes associated with each individual well with high 
accuracy. 
Figure 9.28 presents DPDV. The distances between wells’ points present the degree 
of communications between wells (IWC), which is as expected. This plot shows the same 



































































Table 9.8. Drainage volumes for Case 6. 
Well No. 1 2 3 4 Sum.  DVs 
RTA DV STB 2.74E+07 3.09E+07 2.52E+07 2.60E+07 1.10E+08 
PCRM DV STB 2.99E+07 3.29E+07 2.69E+07 2.84E+07 1.18E+08 
(RTA  DV- PCRM DV) STB -2.54E+06 -2.04E+06 -1.74E+06 -2.44E+06 -8.76E+06 
(RTA  DV - PCRM DV) Error -9% -7% -7% -9% -8% 
(Simulator DV - RTA DV)STB Error (Simulator DV -PCRM DV)STB Error 




Figure 9.28. DPDV for Case 6. 
 
Next, this case was modified by adding only one sealing fault to test the capability 
of proposed methods to identify this change, the accuracy of RTA and PCRM in estimating 



























9.7. CASE 7 
 This case presents a homogeneous reservoir with two compartments. Figure 9.29 
shows the reservoir map. Well 2 drains from one compartment and Well 1, Well 3, and 
Well 4 drain from the other compartment. 
The RPI versus TFMBT trend lines are presented in Figure 9.30. By viewing these 
trend lines, it can be concluded that Well 2 drained from one compartment and Well 1, 
Well 3, and Well 4 drained from the other compartment. The distances between the Well 
1, Well 3 and Well 4 trend lines indicate the degree of permeability is high, but not as high 
as in previous cases because the trend lines are not perfectly on top each other. 
The RPI versus time trends are presented in Figure 9.31. The distances between the 
Well 2 trend line and the other trend lines are not as expected, which indicates the existence 
of compartmentalization. The distances between the Well 1, Well 3 and Well 4 trend lines 
are as expected, which indicates the existence of two compartments. Well 2 drained from 
one of them, while Well 1, Well 3 and Well 4 drained from the other one. 
 
 































































The drainage volumes that calculated by using RTA and PCRM, the differences 
and errors between RTA and PCRM and between RTA, PCRM, and the DV simulator are 
presented in Table 9.9. All errors are within engineering accuracy, which means both RTA 
and PCRM estimate drainage volumes associated with each individual well with high 
accuracy. 
 
Table 9.9. Drainage volumes for Case 7. 
Well No. 1 2 3 4 Sum.  DVs 
RTA DV STB 2.77E+07 2.63E+07 2.49E+07 2.63E+07 1.05E+08 
PCRM DV STB 3.13E+07 2.91E+07 2.78E+07 2.95E+07 1.18E+08 
(RTA  DV- PCRM DV) STB -3.56E+06 -2.84E+06 -2.92E+06 -3.24E+06 -1.26E+07 
(RTA  DV - PCRM DV) Error -13% -11% -12% -12% -12% 
(Simulator DV - RTA DV)STB Error (Simulator DV -PCRM DV)STB Error 




Table 9.9 shows how the accuracy of RTA and PCRM changes compared to their 
accuracy in previous case without sealing fault. However, the errors are within engineering 
accuracy for each individual well, and the error for total volume is in single digits, which 
means they estimated it very well. 
Figure 9.32 presents DPDV. The distances between the Well 2 point and other 
points are not as expected, which indicates the existence of compartmentalization. The 
distances between the Well 1, Well 3 and Well 4 points are as expected, which indicates 
the existence of two compartments, Well 2 drained from one of them, while Well 1, Well 




Figure 9.32. DPDV for Case 7. 
 
 
Next, this case is modified by changing the fault location and adding another one 
to test the capability of proposed methods and the new technique for DPDV to identify this 
change. 
 
9.8. CASE 8 
 This case presents a homogeneous reservoir with three compartments. Figure 9.33 
shows the reservoir map. 
The RPI versus TFMBT trend lines are presented in Figure 9.34. By viewing these 
trend lines, it can be concluded that there are three compartments, Well 1 and Well 2 
drained from one compartment, Well 4 drained from the second compartment, and Well 3 



























due to the distances between the trend lines. In addition, the Well 1 and Well 2 trend lines 
are not perfectly on top of each other, which indicates a heterogeneous compartment and/or 
a high degree of permeability, but it is not very high. 
The RPI versus time trends are presented in Figure 9.35. The same conclusions are 
drawn about reservoir compartmentalization that were obtained from the RPI versus 
TFMBT trend lines method. The only difference is the communication between Well 1 and 
Well 2, which was not clear in the RPI versus TFMBT trend lines method. This point is 
one of the benefits of this method, which can be used in cases where RPI versus TFMBT 
trend lines method shows a homogeneous reservoir and/or very high permeability. 
However, the combination of those two methods with those cases gives a very good idea 



























































The drainage volumes that calculated by using RTA and PCRM, the differences 
and errors between RTA and PCRM and between RTA, PCRM, and the DV simulator are 
presented in Table 9.10. All errors are within engineering accuracy, which means both 
RTA and PCRM estimate drainage volumes associated with each individual well with high 
accuracy. 
 
Table 9.10. Drainage volumes for Case 8. 
Well No. 1 2 3 4 Sum.  DVs 
RTA DV STB 3.27E+07 3.63E+07 2.25E+07 1.81E+07 1.10E+08 
PCRM DV STB 3.70E+07 4.07E+07 2.36E+07 1.70E+07 1.18E+08 
(RTA  DV- PCRM DV) STB -4.30E+06 -4.41E+06 -1.11E+06 1.13E+06 -8.69E+06 
(RTA  DV - PCRM DV) Error -13% -12% -5% 6% -8% 
(Simulator DV - RTA DV)STB Error (Simulator DV -PCRM DV)STB Error 
-6.00E+05 -0.6% -9.29E+06 -8.5% 
 
 
Table 9.10 shows how the accuracy of RTA and PCRM changes compared to their 
accuracy in previous case without sealing fault (Case 6). However, the errors are within 
engineering accuracy for each individual well, and the error for total volume is in single 
digits, which means they estimated it very well. 
Figure 9.36 presents DPDV. The distances between wells’ points are not as 
expected, at the same time the distance between Well 1 and Well 2 points is as expected, 
which indicates the existence of compartmentalization and three compartments. The same 
conclusions are drawn about reservoir compartmentalization that were obtained from the 




Figure 9.36. DPDV for Case 8. 
 
 
Figure 9.36 shows the technique that was previously used with this figure to 
indicate the existence of compartmentalization, which depends on the distances between 
the wells’ points and a 45o line. 
The next case is a heterogeneous reservoir with 12 regions. Each region has 
different permeability, and the average permeability of the 12 regions is 100 md. This case 
explores how all previously used methods work. 
 
9.9. CASE 9 
 This case presents a heterogeneous reservoir with 12 regions. The reservoir map 
and permeability of each region are shown in Figure 9.37 and table 9.11, respectively. This 




























The RPI versus TFMBT trend lines are presented in Figure 9.38. This figure shows 
that all wells drained from the same heterogeneous and/or not very highly permeable 
compartment because all the trend lines are not perfectly on top of each other. The distances 
between trend lines represent the degree of communications between wells. 
The RPI versus time trends are presented in Figure 9.39. By viewing this figure, 
the distances between trend lines show that the degree of communications between wells 
(IWC) is as expected, which indicates the absence of compartmentalization. In addition, 
the close proximity of the trend lines indicates good communications between them. For 
instance, Well 3 and Well 4 have better communication than Well 3 and Well 1, which 
have better communication than Well 1 and Well 2. 
The drainage volumes that calculated by using RTA and PCRM, the differences 
and errors between RTA and PCRM and between RTA, PCRM, and the DV simulator are 
presented in Table 9.7. All errors are within engineering accuracy, which means both RTA 
and PCRM estimate drainage volumes associated, with each individual well with high 
accuracy.  
Figure 9.40 presents DPDV. The distances between wells’ points show that the 
degree of communications between wells (IWC) is as expected, which indicates the 
absence of compartmentalization. For instance, Well 3 and Well 4 have better 
communication than Well 3 and Well 1. 
Table 9.11. Permeability of the reservoir Case 9. 
Region 1 Region 2 Region 3 Region 4 Region 5 Region 6 
150 md 140 md 130 md 120 md 110 md 100 md 
Region 7 Region 8 Region 9 Region 10 Region 11 Region 12 







































Table 9.12. Drainage volumes for Case 9. 
Well No. 1 2 3 4 Sum.  DVs 
RTA DV STB 2.64E+07 2.96E+07 2.34E+07 2.48E+07 1.04E+08 
PCRM DV STB 2.93E+07 3.28E+07 2.59E+07 2.76E+07 1.16E+08 
(RTA  DV- PCRM DV) STB -2.90E+06 -3.18E+06 -2.52E+06 -2.76E+06 -1.14E+07 
(RTA  DV - PCRM DV) Error -11% -11% -11% -11% -11% 
(Simulator DV - RTA DV)STB Error (Simulator DV -PCRM DV)STB Error 



























Figure 9.40. DPDV for Case 9. 
 
 
The next case presents the same reservoir that presented in Case 6, but with eight 
wells to test how all methods work with increasing the number of wells. In addition, this 
case shows how the reservoir behaves with this number of wells. 
 
9.10. CASE 10 
 This case presents a homogeneous reservoir without any faults. Because it is 
homogeneous reservoir without any faults, all wells drain from the same compartment and 
the degree of communications between wells (IWC) depend on the distances between them. 



























The RPI versus TFMBT trend lines are presented in Figure 9.42. By viewing these 
trend lines, it can be concluded that all wells drained from the same compartment because 




Figure 9.41. Reservoir map for Case 10. 
 
The RPI versus time trend lines are presented in Figure 9.43. The distances between 
trend lines show that the degree of communications between wells (IWC) are as expected, 
which indicates the absence of compartmentalization. In addition, the close proximity of 
the trend lines indicates good communications between them. 
The drainage volumes that calculated by using RTA and PCRM, the differences 
and errors between RTA and PCRM and between RTA, PCRM, and the DV simulator are 
presented in Table 9.13. All errors are within engineering accuracy, which means both 





























































Figure 9.44 presents DPDV. The distances between wells’ points present the degree 
of communications between wells (IWC), which are as expected. The close proximity of 
the points indicates the absence of compartmentalization and good communications 
between wells. The same conclusion about reservoir compartmentalization and IWC 
presented by previous methods obtained from this figure, which means there is a good 
agreement between all methods. 
With increasing the number of wells, the interwell connectivity increase 
significantly, this conclusion about IWC is very important for secondary and tertiary 
recovery. 
 
Table 9.13. Drainage volumes for Case 10. 
Well No. 1 2 3 4 
RTA DV STB 1.39E+07 1.38E+07 1.27E+07 1.31E+07 
PCRM DV STB 1.50E+07 1.49E+07 1.39E+07 1.43E+07 
(RTA  DV- PCRM DV) STB -1.12E+06 -1.14E+06 -1.23E+06 -1.24E+06 
(RTA  DV - PCRM DV) Error -8% -8% -10% -9% 
Well No. 5 6 7 8 
RTA DV STB 1.34E+07 1.34E+07 1.25E+07 1.27E+07 
PCRM DV STB 1.48E+07 1.45E+07 1.37E+07 1.39E+07 
(RTA  DV- PCRM DV) STB -1.45E+06 -1.06E+06 -1.20E+06 -1.25E+06 
(RTA  DV - PCRM DV) Error -11% -8% -10% -10% 
(Simulator DV -PCRM DVs)STB Error Sum. PCRM DVs STB 
-6.18E+06 -5.67% 1.15E+08 
(Simulator DV -RTA DVs)STB Error Sum. RTA DVs STB 
3.50E+06 3.21% 1.06E+08 






Figure 9.44. DPDV for Case 10. 
 
 
 The next case presents a reservoir with 50 md to test the capability of proposed 
methods with this change in reservoir permeability. 
 
9.11. CASE 11 
 This case presents a homogeneous reservoir with two faults, because it is 
homogeneous reservoir without sealing faults, all wells drain from the same compartment 
and the degree of communications between wells (IWC) depends on the distances between 
them. Figure 9.45 shows the reservoir map. With this case, there is one compartment and 































The RPI versus TFMBT trend lines are presented in Figure 9.46. By viewing these 
trend lines, it can be concluded that all wells drained from the same compartment. 
The RPI versus time trend lines are presented in Figure 9.47. The distances between 
trend lines represent the degree of communications between wells (IWC), which are as 
expected and they are close to each other, which indicates the absence of 
compartmentalization. For instance, Well 3 and Well 4 have better communication than 
Well 1 and Well 3, which have better communication than Well 1 and Well 2. 
The drainage volumes that calculated by using RTA and PCRM, the differences 
and errors between RTA and PCRM and between RTA, PCRM, and the DV simulator are 
presented in Table 9.14. All errors are single digits, which means both RTA and PCRM 
estimate drainage volumes associated with each individual well with high accuracy.  
Figure 9.48 presents DPDV. The distances between wells’ points present IWC, 
which are as expected. This plot shows the same conclusions about the reservoir 
compartmentalization and IWC that were presented by using new methods. 
 
 

























































Table 9.14. Drainage volumes for Case 11. 
Well No. 1 2 3 4 Sum.  DVs 
RTA DV STB 9.00E+06 1.00E+07 7.89E+06 8.45E+06 3.53E+07 
PCRM DV STB 9.47E+06 1.04E+07 8.24E+06 8.84E+06 3.70E+07 
(RTA  DV- PCRM DV) STB -4.72E+05 -4.13E+05 -3.51E+05 -3.94E+05 -1.63E+06 
(RTA  DV - PCRM DV) Error -5% -4% -4% -5% -5% 
(Simulator DV - RTA DV)STB Error (Simulator DV -PCRM DV)STB Error 




Figure 9.48. DPDV for Case 11. 
 
 
The next case is a homogeneous reservoir with one sealing fault to test the 
capability of proposed methods to identify the change, the accuracy of RTA and PCRM in 



























9.12. CASE 12 
This case presents a homogeneous reservoir with two compartments. Figure 9.49 
shows the reservoir map. Well 1 and Well 2 drain from the same compartment, and Well 
3 and Well 4 drain from another compartment as shown in the reservoir map. 
The RPI versus TFMBT trend lines are presented in Figure 9.50. By viewing these 
trend lines, it can be concluded that Well 3 and Well 4 drained from one compartment, and 
Well 1 and Well 2 drained from another compartment. 
The RPI versus time trend lines are presented in Figure 9.51. The distances between 
trend lines indicate the existence of compartmentalization. The distances between Well 1 
and Well 2, and between Well 3 and Well 4 trend lines are as expected, which indicates 
there are two compartments and Well 1 and Well 2 drained from one of them, and Well 3 
and Well 4 drained from the other one. The distances between trend lines represent the 






























































The drainage volumes that calculated by using RTA and PCRM, the differences 
and errors between RTA and PCRM and between RTA, PCRM, and the DV simulator are 
presented in Table 9.15. All errors are single digits, which means both RTA and PCRM 
estimate drainage volumes associated with each individual well with high accuracy.  
Figure 9.52 presents DPDV. This figure shows the same conclusion about reservoir 
connectivity that were obtained by the new methods. 
 
Table 9.15. Drainage volumes for Case 12. 
Well No. 1 2 3 4 Sum.  DVs 
RTA DV STB 9.87E+06 1.02E+07 7.56E+06 8.09E+06 3.57E+07 
PCRM DV STB 1.04E+07 1.09E+07 7.70E+06 8.20E+06 3.72E+07 
(RTA  DV- PCRM DV) STB -5.22E+05 -6.74E+05 -1.45E+05 -1.15E+05 -1.46E+06 
(RTA  DV - PCRM DV) Error -5% -7% -2% -1% -4% 
(Simulator DV - RTA DV)STB Error (Simulator DV -PCRM DV)STB Error 
1.48E+06 1.4% 2.50E+04 0.0% 
 
 



























The next case presents a reservoir with 10 md to test the capability of proposed 
methods with this change in reservoir permeability. 
 
9.13. CASE 13 
 This case presents a homogeneous reservoir without any faults. Because it is 
homogeneous reservoir without any faults, all wells drain from the same compartment and 
the degree of communications between wells (IWC) depends on the distances between 
them. Figure 9.53 shows the reservoir map.  
The RPI versus TFMBT trend lines are presented in Figure 9.54. By viewing these 
trend lines, it can be concluded that all wells drained from the same compartment.  
The RPI versus time trend lines are presented in Figure 9.55. The distances between 
trend lines show that the degree of communications between wells (IWC) is as expected, 
which indicate the absences of compartmentalization. For instance, Well 3 and Well 4 have 
better communication than Well 3 and Well 1, which have better communication than Well 
1 and Well 2.  
The drainage volumes that calculated by using RTA and PCRM, the differences 
and errors between RTA and PCRM and between RTA, PCRM, and the DV simulator are 
presented in Table 9.16. All errors are single digits, which means both RTA and PCRM 
estimate drainage volumes associated with each individual well with high accuracy.  
Figure 9.56 presents DPDV. The distances between the wells’ points present IWC, 
which are as expected. This plot shows the same conclusion about reservoir 






































Figure 9.55. RPI versus time trend lines for Case 13. 
 
Table 9.16. Drainage volumes for Case 13. 
Well No. 1 2 3 4 Sum.  DVs 
RTA DV STB 8.48E+06 1.12E+07 6.17E+06 7.47E+06 3.33E+07 
PCRM DV STB 9.37E+06 1.26E+07 7.27E+06 8.15E+06 3.74E+07 
(RTA  DV- PCRM DV) STB -8.92E+05 -1.44E+06 -1.10E+06 -6.78E+05 -4.11E+06 
(RTA  DV - PCRM DV) Error -11% -13% -18% -9% -12% 
(Simulator DV - RTA DV)STB Error (Simulator DV -PCRM DV)STB Error 




The next case is a homogeneous reservoir with one sealing fault to test the 
capability of proposed methods to identify the change, the accuracy of RTA and PCRM in 

































9.14. CASE 14 
This case presents a homogeneous reservoir with two compartments. Figure 9.57 
shows the reservoir map. Because Well 1, Well 2 and Well 4 in the same compartment and 
the reservoir is homogeneous, the communications between these wells depend on the 
distances between them. For example, Well 1 and Well 4 have better communication than 
Well 1 and well 2. Well 3 drained from one compartment and its communications with 
other wells are very poor because there is a sealing fault.  
RPI versus TFMBT trend lines presented in Figure 9.58. By viewing these trend 
lines, it can be concluded that Well 3 drained from one compartment, and Well 1, Well 2, 



























The RPI versus time trend lines are presented in Figure 9.59. The distances between 
Well 3 trend line with other trend lines are not as expected, which indicates the existence 
of compartmentalization. The distances between Well 1, Well 2 and Well 4 trend lines are 
as expected, which indicates there are two compartments and Well 3 drained from one of 
them, and Well 2, Well 1 and Well 4 drained from the other one. The distances between 
trend lines represent the degree of communications between wells, which is valid for Well 
1, Well 2, and Well 4 because they are drained from the same compartment. For example, 
Well 1 and Well 4 have better communication than Well 1 and well 2. 
The drainage volumes that calculated by using RTA and PCRM, the differences 
and errors between RTA and PCRM and between RTA, PCRM, and the DV simulator are 
presented in Table 9.17. All errors are within engineering accuracy, which means both 
RTA and PCRM estimate drainage volumes associated with each individual well with high 
accuracy. 
Figure 9.60 presents DPDV. The same conclusion obtained from the new methods 
can be obtained from this figure. 
 
 





























































Table 9.17. Drainage volumes for Case 14. 
Well No. 1 2 3 4 Sum.  DVs 
RTA DV STB 9.19E+06 1.14E+07 8.01E+06 7.29E+06 3.59E+07 
PCRM DV STB 1.08E+07 1.38E+07 9.63E+06 8.22E+06 4.24E+07 
(RTA  DV- PCRM DV) STB -1.61E+06 -2.38E+06 -1.62E+06 -9.32E+05 -6.54E+06 
(RTA  DV - PCRM DV) Error -18% -21% -20% -13% -18% 
(Simulator DV - RTA DV)STB Error (Simulator DV -PCRM DV)STB Error 


































10. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS FOR FUTURE 
WORK 
 
 The main purpose of this study is to explore reservoir connectivity by using fast, 
simple, and inexpensive methods with minimum reservoir data and a limited number of 
wells. In this regard, this study presented two new, simple, fast and inexpensive methods. 
These methods only need rate and pressure data with simple calculations to explore 
reservoir connectivity. In addition, this study presented a new technique by using a 
diagnostic plot that was previously used to explore reservoir compartmentalization. This 
new technique suggests that the plot can be used to explore reservoir compartmentalization 
and interwell connectivity. 
 One benefit of the presented methods is their ability to identify the heterogeneity 
of the reservoir, the degree of permeability, interwell connectivity, and reservoir 
compartmentalization from data obtained during primary depletion. Because there is not a 
simpler method that can be used to explore reservoir connectivity during primary depletion, 
these methods should be used with any production data in order to achieve the most cost-
effective and highest production possible, particularly when costs dictate a limited number 
of wells, such as those in deepwater environments. 
 Hundreds of synthetic cases test the ability of the presented methods to explore 
reservoir connectivity; they work very well in all cases. The data used to test them are 
obtained under constant operation conditions such as constant number of producers. 
The accuracy of PCRM and RTA to estimate the drainage volume associated with 
each individual well was demonstrated with various reservoir permeabilities, numbers of 




1. The Reciprocal-productivity index (RPI) versus time trend lines method and the 
new technique using drainage volumes diagnostic plot (DPDV) work the same way 
depending on the distances between the wells’ trend lines for RPI versus time and the wells’ 
points for DPDV compared to the distances between wells on the reservoir map. The trend 
lines for the wells that are far away from each other on the reservoir map should be far 
away from each other on the RPI versus time plot and vice versa. Distances between trend 
lines and distances between points that are as expected indicate the absence of 
compartmentalization, and the distances between them represent the interwell connectivity. 
On the other hand, distances that are not as expected indicate the existence of 
compartmentalization. 
2. The Reciprocal-productivity index (RPI) versus total field material-balance time 
trend lines method works the same way as the RPI versus time method and the DPDV 
technique work in heterogeneous reservoirs and reservoirs with not very high permeability. 
This method can be used to explore the degree of permeability and the heterogeneity of the 
reservoir depending on the distances between wells’ trend lines; if all trend lines are on top 
of each other, the reservoir is very highly permeable and/or homogeneous reservoir. 
3. Hundreds of synthetic cases validated the ability of the presented methods and 
technique to explore reservoir compartmentalization, interwell connectivity, the degree of 
reservoir permeability, and the heterogeneity of the reservoir. 
4. The two new methods are quick, simple and only need rate and pressure data 
during primary depletion, which are commonly available. Also, those two methods can be 
used with a limited number of wells and limited production data. 
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5. Both RTA and PCRM estimated drainage volumes associated with each 
individual well with high accuracy. 
6. By using the two new methods or just one of them (depending on the type of the 
reservoir), we can fully explore the reservoir connectivity. 
 
10.2. RECOMMENDATIONS FOR FUTURE WORK 
 The application of the two new methods and new technique was demonstrated in 
this study with conventional reservoirs, vertical wells, and slightly compressible systems 
under constant operation conditions. So, we recommended the following: 
1. The application of these new methods and technique in an unconventional 
reservoir, requires either modifications or developments due to the fact that PSS flow 
period needs too much time to be achieved.  
 2. The application of these new methods and technique for horizontal or inclined 
wells is believed to work the same way as with vertical wells. However, more tests are 
needed with these type of wells. 
 3. The application of these new methods and technique needs more testing with a 
compressible system, as it can lead to an unrealistic evaluation of the reservoir connectivity 
because the compressibility changes with time.  
 4. The application of the two new methods and technique when some wells shut in 
or some wells stimulated needs to be considered to see how they behave with this change. 
Also, drilling a new well or wells in the reservoir needs to be considered. 
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 5. The application of the two new methods and technique with real pressure and 
rate data is believed to work the same way as with synthetic data. However, more tests are 














DERIVATION OF THE MULTITANK SEMI ANALYTICAL MODEL
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The Material balance equation for a slightly compressible single phase flow is given by 
(Kabir & Izgec, 2009) 
 
𝑐𝑡 𝑉𝑝,𝑗  
𝑑?̅?𝑗
𝑑𝑡
=  𝑞𝑗 .                                                                                                             (A-1) 
The well productivity index under steady flow is given by 
𝑞𝑗 =  𝐽𝑗  (?̅?𝑗 −  𝑝𝑤𝑓,𝑗).                                                                                                   (A-2) 
Taking the time derivative of Eq. (A-2) yields 
𝑑𝑞𝑗
𝑑𝑡






 ).                                                                                             (A-3) 
Combining Eqs. (A-1) and (A-3) leads to 






 ) =  𝑞𝑗 .                                                                                      (A-4) 
Eq. (4) has the form of 
?̀? (𝑥) + 𝑓(𝑥)𝑦(𝑥) = 𝑔(𝑥).                                                                                           (A-5) 
whose particular solution is given by 
𝑦(𝑥) =  
∫ 𝑔(𝑥)𝑒∫ 𝑓(𝑥)𝑑𝑥𝑑𝑥+𝑐
𝑒∫ 𝑓(𝑥)𝑑𝑥
 .                                                                                            (A-6) 
Therefore, Eq. (4) can be written as 
𝑞𝑗























 𝑑𝛿.        (A-7) 
For the time interval t n+1 − t n, assuming a linear BHP variation and constant PI, Eq. (A-7) 
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